.
! [
I } R
w4 @D
, 44 1) M
— i3] e
o a0 }
&y Q© :
= ! 3 :
L S ) —
Sl . o} O .
= = - £ .
] (@] +2 2
. = = &
= g oM
=1 =] oy O
£ O ~ :
= ~ :
i w.H. A [
] € @ L
\A g =
By ﬁ A omp
3 ( . [en!
£ 3 ,.
o & -
<O ; S
£ ot
[ - , 1 .
= E ot A
] @ .
. e R <5 b
S <5 B o2
Dy Ed o o o2
03 o S .
O =t l
. w2 £
. = "
@KQ
o2

ment of t°




1071

iderst

)
s

heoretical 8o

[shl
S

i

aY

i~

rclasion |,

Cor

4.

118053




THE ACTIVITIZES OF THYE IONS IN 30LUTIONS

OF MIXED FELECTROLYTES WITH COMIQN ANION,

ATION,

Ldd e

Prom conductivity measurements 1t Tas been found
that the equivelent conductance of the chloride ion

(Tece A ) 15 the same &t & given concentration what-

e
ever catlon it 1s associated with, (Tee equals the

anion transference nunber and A  equals ths equiv-

alent conductance of the =81t at the concentratior

in guestion, Since the nature oF the chloride ion,

in this respect, is independent of its gource, there
eppanrs 1o te good reazon to expect this may =lso be
true in dewling with activity coefiicient of the

the conductivity, To investigate

icn instesd of

ve force

;_u.

this, I made messurements of the electronm
of voltalc cells of the type-
He (1 atm) HCL1 ¢, + XC1 c». AgCl Ag

in which the sewnarate concenitrsetion cy, and ¢». wers
T i




varied in such & way that the sum ¢, + €z was always

4
constant, in our case ,2 normal, Lel us consilder euch

e £

g cell is connscted in series and in opposition toc a

(1 atmj® X0l (.2 - e), AgCl &g Ag AgCl, .2 BCL, He
when on€ faraday: of electricity yasses through, in

the left cell this change of state fakes nlace

< i

In other words, one mol of “¢1 i3 formed in the left A
cell and one mol of WC1 is removed froa the right cell, :

The free energy decrease attending such & charnge 1is

' A
. — \ m ATJ+ 2 i E= N A S
: —aT = (Bg - E g) up = L1 M2 TCL(.2)
» 5 A
s L3 M
i L]
in which A, = e.m. L, of cell containing the mixture of f
701 znda L1 .
% oo =em L, " i " pure HCL at |2 pormal :
i 3 - ‘
| R = gag constant -
f T = Temperziure f
i T = Taraday of electricity |
g »r o [N P | A R ) - S P ¢
N = nmumter oi faralay of electricity *
5
Fid kY

A%y = activity of the chloride lon, etc: etc: ,;

6
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gince the activity is equal

to goncentrabtion times

the activity coefficient, the above expression may

be written

|
jary|
3
+
B
-
3
e
-
oo

o
L
i

O

{(Be = B o) o 2

T
=

2 normal, provided we k

tion of +the mixturs at 2 u

log _il.2) Cl{.2]
. o
(e ol{e)
26, o ¥4
1(ov"’) C:!. .2_}
T ) 4 i i
m
By, - % g = —==— 1n
* H

egtigation enabl

sions in regard to the sepax

hydrogen ion snd chloride 1

4

=+
(=
F
=
<}
c+
0“,
c+
-
o}

Toomis, Essex, MMeacham™ an

the same aw that of 7TCL
eep the totel coucentra-

crmal, is true, then

il
b

oo

es oOne to drazw conclu-
ate setivities of the
on,

n has been published 1Y

2
recently Ming Chow™ of




BRI




trhig laberatory, Chow's dsta lessd to different con-
clusionz from those of Loomis, At the sugzestion of
fe& zor D, A YacInnes and Professer A, A, oyes,

1t appeared that thre problem should be further inves-

*

tigated at other concentrziion than the single one

usged by Chow,

;.

T AT A 3 W T ATY A YT Sy
2 FLARATUS £UD PREPARATION

The form of the cell is shown in the disgram
and photograph, The gllver chloride half- cell has
three compartments contsining three separats silver,
silver-chlcride electrodes, The silver éhloride half.
cell 1s comnected with two hydrogen half-cells, & daga-
cfiption of which heas héen £iven by Noyes snd Elli i:

The elect rolysia of sodium hydroxide solution
furniehes the hydrogen, which is purified by dilute
sulphuric a2cid solutlbn ent then bubLled through the
same soliution as.in the cell before resching the hy-
drogen slectrodes, The electirolytic egell and the

not
forms of the weshers are shown in the d¢u Tar, it

Ja

is quite necessary 1o have & tall electrolyiic cell

ir order to furnish enough hydrogen vressure




mhe silver, silver chloride electrode congists
of a pletinum gauze of about 1 sg, cm, silver plated

3
=
=
i)
i
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P oF
<3
8]
[}
0
oy
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o ¥
I~
re
o
(0]
&)
i__l
6]
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P

i
Jart
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o
[&Y]

11y at ahout 007
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amp, for one helf hour in the solution in which the

electrode lg intends u to be used, . G
x K
A .2 normal hydrochloric acid solution is pre-

in Isrch 1918 ard recently I re-

lantical

r‘wj

peated the sualysis and found an elmost

o

(o

Lt

e
!

A .2 normal solution of potassium chloride

tion wss prepared he sall was a Xalhbaowr prepara-
tion vecpystaellized fAve times snd fused
The mixtures of hydrochloric acid and potaczwum

chlioride were prepared by weighing out de
guantities of the 1two solutions, This yielded mix-
ion constituent per 1000 grans of walter, The col-

tents in hydrochloric acld and potassium chloride

G

Q)

n be ¢alculated from the welashts taken




The cell was immersed in a thermostat of 25°¢C

+ ,02°, The elecircuotive force of the cell was
nessured by a Leels and Northrup's potentiometer ac-
curate to 01 mw., the extended wire of which had been

recently calitrated,

Teble T
Concerntr .
tion of UCl L2000 .162Eb  ,1b4E , 1058 LCD3Z91 048108
mols wver : !
1000 g,H20
Atmogpheric
Breggure 769.6 T74.5H TE6, 1 T7h, 4 M43, 4 A
in mm,
e, m, T, LOL806 38345 38460 33440 |, 35063 . 007389
- LE1802 32346 32472 33427 -, 350561 35728
_Qi?]? 32340 | B2487 ,55456 . 35060 . BB 30
, LBl808 32339 22477 33445 35079 L 55742
L o18lE L 32338 L, 32472 33463  [2BOTQ L3BT385
LOABCE (38333, 23486 33427, 3BoeY .ob738
L 31811 . 3Bo8B2 .3hT742
L31e1T . . 3boEd . obT 34
L S1811 . . 3B08hb L B38738
Average LolBCT7 22340 32472 (33443 35071 LY EL)
g, m, 1, I'e : ‘ ‘
duced to L31831 L 32355 32508 , 3Z4b7 | 35140 L oBEQ3
1 atm, )
EUA o ‘ ¢
Mug+§—1ﬂgzl 31821 L 32359 32494 33467 | 3B19E
T 53
TL.2) 61, 2; , \
A 3988 1,0013 9984 {9751}
el o1, e N
o .
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Harned measured the electromotive force of the cell
e )
", (1 atm) &Y€ Hga0ls Hg
Hoin
roen ine 1 arcentrati o £ 10l corstant st 1 nor-
.:CEGIJ.L:.LD )D!",@ gonesntraevion o1 HOL gongiuant & L+ 1IUT
mel and varying the concentration of KCI, Thalr re-
sults are gshown in Table III.
mfable IT1T
Ellis : Parned
Concentration e,m, T, Goncentration e,m, T,
of 01 of ¥C1
4 484 ,1bb06 L 060 , 38911
1.9278 . 23589 . LCC L 3B410
- 1,0381 LRTE9T L1200 , 58141

L1137
. b024B
L2378
L 10040

A&y,
. Oe)ijz‘.’:v

29571
31865
33838
. 39884 :
. 45258

R T I R i B 2 e R T ~r - 4
ation m1llig' value ig 3681 volt at

"he electrvorotive force 0f the cell

Bty 2 v e s -
T oo o4 L oip 22 = 38352 volt,
2T

.0C018 volt is noét &t 811 bpig, consid-

exvariments are performad by twoe per-




Jince the Qt”lOfLy thermodynemic express ion

can be replaced by.-the expression
'v"\,'!'l - [
_,JC - E.g = ;:* i.l'l _‘-r:l
Yy i

one can readily conclude that the activity'of hy~
drochloric acid is proportional to its concentra-
tion if the tots) chloride 10w is ke

Since it can hardly be an cccident that Tilis' and

Harned's dsta, at |2 nomel, agree 0 well, the alove
conclusion 1pg & necessary congegusnce, Furtheru 0re
0
Q-rw 200 ? t i o
wa gese in the sixth row of Tavle T E(.B) Gl{.=;

u,
Hi{¢) Ci{.2)

%

Yie
£
]
3
2
o
LN
-
o
1,; 1
r._}
o
£
I
'_I.
o+
X
}.-J »
=
£
l.._..l
FI
ot
i

o o T - -4 N - -~ 3
tration is the game, then the hydrogen ion hag an
PrR SO S gy e p 2 S P o - N .
activity Propor tional to its councentraiion Cif courss

R T e B, . as . 1 « = .
this 18 oniy true when the totael ¢ loride ion concari-

tration is zlwaye constant., If thea chloride iorn from

-

the 7Cl haz ¢ different mctivity from the zctivity of

o RN .- : - . a4 O i .
ture in such g way that they just compensate




tion of T he ratio

H(.2)

UTJ-(EZ _in order to meie

“a(e)

equal to unity, 5w

i
I_.i
J

’r

trations iis

from the &l ove

-

dence is very improbabls,
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Jour,
Jour,
Jour,
Jour,
Jour,

Jour,

Atex,
Amer,
Amer,
Amar,
Amer,

Aner,

o
o34
e

Chem,
Chem,
Chem,
Chem,
Chen,

Chen,

39
4z
59
31

58

41

it

1133 (1917},
496 (1920),
2634 (1917,
830  (1909),

11988 (1916),

1086 (19193,
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A 3TUDY OF LIQUID JUHCTICOK

1, INTRCOUCTIOCH.

when tw) solutions of different electrolytes

or of the sama slectrolyte btut of different concen-

trations mset togsther at a junction, it gives rise

to an electromotive forcse gt the Juncticn, The
causes o £

f thig electromotive force will e trezted
in more detail preseutly Different investigators

-

designate this electromotive force with di

L

names, btut they a1l mean the same Lhing., A, A, HOyes

calls it"liquid poetentis 1™, D, 4, Maclnnes calls it

Tn genseral there ars three types of liquid
junetions, wemely two zolutlons of the sanme gleC-
trolyte but of different concentrations, €.E.

e
»

r+
tﬁ
G
=
o
)....l-
iy
iy
@
By
T
=
ot

1 .1nmn ¥all .01 n,, two so

. . )

=
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O




glectrolytes With'a comnon ion but of the ss P Con~
centration, e.g., ¥all .1 n xcl .1 n,’andlastly
two solutions of any electrolytes end of any con-
céntration e.g. XNGs ,1ln ‘ NaCl .01 n
Liguid po
gtumbling blocks in electromotive force measurement

involving funéamental P“ll,i;les

ig well 11

we ¢zn arbhitrarily essume to he zZero

[

N

cells have been proposad tec be called standard, nan

1y Fa TgeCle ¥CL (1 njy H2 {1 &atmy; ¥ (1 m); and

Fe {1 &tm) H:3C 2,  The calomel electrode has
cert in exverimentsl sdavintages over ths oihers,
because it is constanl and reproducible, sg was
7
A
found by 3suver, The molal hydrogen elsctrode

valent ions The cholcee 1z between the Ilrst two,

It is gtill &n open gquesiion whether tThe calome

-

iy individual preference he, we csa calculate any

e

H
[}
i
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Trug in our case of
electrode potential

in our liguid pots

L)

many pronlems of sin

tant as

nvestigation ig, & review of

'ea
b
I3

}_J‘ .
N

H;

'.{J-
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b
[

Q

(]
[ )

Chemical litersture shows that thoush tris prevlern

of liouid potentisl hes been trsated by meu of in-
ternationsl rapu thelr attention hes been (i-

Terpret the resulls in the 1ight of nodern ionic




2. TR EVATUATICH OF LI4UID

OTE Y AT
E il _LLLJJ .

w3 7 r

oy .
™ Y= hig 2. = 4 e e N o ey -w e € -
Terns?t was the first invest igator who 2te

tempted to formulate esquations to caleulate 1liquid

potential, n spite of several inexact agsumplions
in the deriveiion, he was the first to explain the

causes of limuid po%enﬁial, mernst postulated theat
when an electrolyte is diffusing across & boundary
the ions ere subjected to two kinds of Torce: os-
tic and electrostatic, He cons idered the type of
1iquid potentinl of two solutions of Lthe same elec-

trolyte and of two different concentrsiions e, g,

ucl {ey) BCL {cej, On the same poBtulate Dlanck

potential, ¥Fic
the electrolyte

) s .
the undlssocisle

heen supnortsd by pny jcal end chemical evidences,

nted out by TFro

e

a1
recently po

vrofessor D. A, ¥acInnes® of this laboratory, Ghosh

_ — N "
of Indis, Willer of Englant end Bjerrum of Germany.




Then on the positively charged hydrogen ion znd on

the negatively charged chlorine ion, there will be

=}

sxerted the same force dus to the gradient of the

foF: ure, This will tend t5 move them from

4]
o
<+
Pte

8

4]

¢ pr

o

aof h

i

gher concentration to lower concentra-

.
}....l
Y
(o)
48]
i

tion mut from evidences of conductivity we know
that tre hydrogen ions move faster than the chloride
ions, thus & pertial sepzretion of the i1ons occurs,
As & result of their ¢harges, there will arise an
electrostatic force, ‘Thig will zreterd the ¥ ions
and acceelerate the 1 ione, Then he proceeled o

. ol

evaeluate trhe osmotic force end the electrostat

v
[N

C

force on the individual dcns,

GUPpUSE Cy > C»

Let g = ¢ross ssction

dx = infinitecinal digtance from ¢y

ray mol ion

Vo= moriiity of anion

6

n = ozmotic ereamire of the ions belween ¢, and ¢, + de
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Then the quantit
migrete threuzh the cross section ¢, in tims dt

if acted upon by the osmotic force alone, will he

gqual to the prodiuct
d

The guantity of cation and anion mizrating through

the croes ssction g in time dt if acted upon by elec-

!
(a)(c)d(=

ux

)
i

JAU)Ldt

- @ eSS v et
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Az & matter oFf fzot these twu forces zct to

2

tion th st

d.
oy
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there er as many ca y ag anion

o]
O
fex;

TC8S

[0}
fed
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boundery, we obtain the Tollowing eguation
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, ol
de :_.U-T\r 'bri\ C
adx 0+ V dx
wWith the further assumption thet the mobilities of

the 1lons are independent of 1he concentration, by
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equation between ¢, and c.
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ions in rega: z¥al

mobllity indspendent 0f ¢ .ncentration, and Planck
belleved the same forcss, oamotic and electroststic,

ki J i

pute

LA S o S
tify & comprehens

@

v

,
5
Ui

zeting on the ion, mi

discussion of NWernst derivetion, Recsnutly Professor

o

HacInges has derived & new &

HE

D. &, 1

potentiel of the sams type thericod

from the above assumptlons,

-y e M

whnere B = 1iguid

1 with transference

!

rumber of the ecetlion,

-

In the atove formulae both Nerrst and llzclnnes

"

ascumzd that the getivities of the cation and the

arion are equel, Recently =vidences have teen point-

&
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ed out by lacInnss that they are not necessary,

.

iy

l_l
w
o

ith this idez in view & new formuls &YV

XK

loped

by considering the free energy decresse att

4]

nd ing

"

the transference of individual iong acrcszs the boun-

£
B3

Lary Tet wg comgider the liouid vwotentisl of

2

e junction, Ty H' is transferred from (c,) to {cz|

- - :

and Tpq C17 is tradsferred from {cs) to (cy). The

free energy decrerse accompanying the change of stat
*
ig
AT,J Vi oA fxﬂ -
o S ™ o1 (4] — l]— Cn
-AF = Ty BT In LSy + Tpy 2T In = fee)
kY '"-"-
“H(Ce FOL7(cCy )
™ = free esnergy

o N v e - R 4 T
T, = trans esrance number 0of H

b

= TH RT 1n —Hi%] Aoy} —— TCl{@”‘

o THlesd Acifes 0l (e, )
B, = T S5 1n AH(Ga) A0i(es) 4 R gy _ACL{cs)
‘ ot Af(csj #cl{ca ¥ A0l (ay
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As soon as the act

ions &t all concentration have been mezsured, which

o

I hope to do in the near futurs, this formula can

. Its derivstion is free from the ob-

of rernst and i1 takes into
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conziderstion the difference in the activity of the
cetion end anion,

After Nernst thgre sare 1no.legs then six equations

%.l-

)

x1d potent various

gls ©

tyves, Bat the ones that dsserve careful stiention

are those of Planck and Hendsrson, The rest will Te
only mentisnsd,
- . T (-:? . L.} ol - fad
Plarnck congidered the nogt general casse of

reised sgaeinst Flanck's, As it has been demongtrat-
ed, the aumbsr of cations asvd anlons passing Throagh
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5T, . 2(Cemca) BT - (4-B)§ % c,-c,
Ve—;‘l 2{ce-cy) RT + {A-B) Y czmgc'{

of con-

ich cancot be trus) theun

Ca

u 1n 7, - ln §
+'.lll% .

-

L

<
-t
s

; (O

i

¢

3
P
| &

k
=
N

', jm -1 [} .
lf: e i 1 u_ + 'v
which ig the game as the Nernst equation,
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for mobilities are proportionanl to equivalaﬁt Corn-

tductornce Since Planck ascuned compl
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wever, lnesmuch 28 method of meking the

113 we canaot be
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mild junction was help hut
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”hr agh 8 very different line of reassoaing
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Yenderson derived the following emuation,
' o T T = a3 5
. BT (Us =~ Vi) = (U2 - Vs 1n Us + Vs
L _ )i ey \ ey - N e -
: (Ui T T.T;_J - (Ua T Vz} Ue + Ve

U= cll or the swanation of the wroducts of con-
centration times movility of the cetiocnn

,
¥ = -c¢v or the gummation of the products of con-

centration times the v
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though independent of

A

bt
£
v
<
i)
5
S

way ,

N
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The
zerao Lrom left to right, &ad ths concentration of XC1

incresses

when oane farsday of eleciriciiy passes through the
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junction, the following changes itake pla ce

Tﬁ+ of ¥ (.1 mnHClL) ____ » 2.+ 0%

T., of KV (Beundsry) = T, of ¥7 (.1

Since thers is a3 mach C17 coming iato
e
; . - 30 3
g5 leaving anda the €1 ions I8 constant™ everywh
we can neglect its transfer, The Iree energy

attendine the trencfer of the W*'and T is

Tr v Sy y ey e
We Bi'e now Coinmit

ering only & smell portion

boundsry between Cn ané Oy - 40, C.. arnd C.
Lk L.
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In general mathematics .
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There ore two objections to this derivetion,
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of all, while the electricel Zorce »ulls the
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i
gium ion from the boundary to the ,1 normal ¥CL

»
the ogmotic force will tend to pull it from the 1
ormal wC1 to the houndsary, How much does this ten-

dency of & salit to go from plasces of higher concern-

tration to low cconcentration effect our fres energy

decrease in the traﬂference of ions, we do not krow

-

fecondly, the IOllOWl 1y equation csnnot be true

that of ¢17., We are still uncertain aboutl the ve luss
of the sctivities 5f the im:

el

e

tatively that the sctivity of the E' is greater

regaeber then thaet of Y1 st the same concentra-

e gams 1n

I M. Tover considered the case where the aniong
are common snd the ecations gre bivelent and univalent
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nTme—— PR . PP———— e 1



The ennciusion is
Sy = Z2Ug + V
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Jidg = GUz - V 4(ue + V
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Uy = migration velocity of the univalent cation
U == & ’ T Livalent "
v o= " . " o anion,
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dilute solutions and

|
60
I_J
1_‘ 1
o
(+
<4
~
o)
I
>

Pollowing Nernst's and Planck's method of treat-
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ment K, R, Johnson derived the follewing egaation

Tor polyvelent cations and anions:
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g = valence of cation
T = n " anlLon,
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Clher symboleg have the same significance as

shed a paper

., Planck, T.over and Johuason,

In ocxder to aveold the objection of complete
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ign, Melender took into considerstion th
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ot
=Y
ey
fe

~19-




electric force., But he nmede snother sssumpiion w
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than that of complete ionization, that is, the

[S
[0
=%
<
-
los;
4]

w
~

rong electrolytes obey the mass action law, For the

case of two electrolytes with & common anlon his egua-
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Other symbols hsave the usual sign

In the

six equations for the eveluation

Bach 0f them aimed to correct the wrong

0f the others, and in dolng s0
izble ausumptions were

to be perfectly satisfactory

otrer

the »nroblem lies in accuraits experimen

tion -

stions of W, ¥

The inves
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Paulil Towsr must be looked upd
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8. EXPERIMEETAL PRCCEDURE

g, Choice of Elec et des,

In the messuarements of any cell thet involves
liquid po tentldW there are always thres scurces of
electromet ive force, vamely, the two eglectrodes and

b

)

the linuid Junetion, I we cen find two electrodes

whose gsingle potentisls are the same, then ithe elesce

o

romotive force 'of the cell mezsured is the liguid

e first step in any aceurate

otential thernfore T o)
b ‘
limquid wotential msasurement is the choil of two

-reversible electrodes whose potentials are equal,

The first cholce feltd Uil tne'ferrd-ferricvaniée
elactrode reconmended by Lewis snd Sargent who c¢laim-
ed them 1o Te renrvduclo“e o L0000 volt, 7The eleg-

trode oconsisted of a gold =

"':j

iral dipped into a solu-

Pe)

ferricyanide, In s cell like this

; = . e
AU + .1 n xgl .1 n CHLCCOK

tieg of Ka?e(Cn)B »4“e(cn)6 werg the same
et both elsctrodes, =nd if the infliuvence of KC1l and

CHLCO0R onn the 10ﬂ zetin of EaFe(Cn}F, ¥aTe{ln)g e §
]

IL & W

4

' ‘ ) . = R NP s - 1
the same, t%ez we had a simple way of measuring the
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".tful

liguid potential, I firet wanted to mscertsin to what

Ly

ricyanide electrodes reversible,

}a

degree were the ferro-fer:

of

»

Avout .5 ce, of B n KsFe(Cﬂ)e solution and .5 cc
5 n ¥aTe{ln}, solution were added to 100 cec, of .1 un
KC1l solution, Four clean gold electrodes were Givped

into thet sclution, If they wers strictly reversitle
J ’

they ought to give zero potential while they sctually

o
|
o
O
j»]
—
[av}
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\

By electroplating the zold electredes in a gild-

ing bath, I hoped to ilmprove thelir reversitility, The

glldirg bath was node by dissolving 1.4 grem of iu in
agua regls, driving off the exceseclve acid, precipltat-
ing the AU with ZCH, filterimg and washing the Au{CY)z,

‘ I ] )
redisgolving it in cn and finally diluting it to 200 ce,

A current of 0035 amp, was used for esach electrode of

4 em, in length and 3 mm in dismeter, A4fter the elec-

yis the eléctrodss were washed and dipped into
the. ferro-Tferricyanide golution as befors, They

mesgured resnsctively
g - D .Ccoeal
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8 decided improvement, but they were

stil1l not good sanough, As further electroplating

gave 1o btettsr result, they had to be abandoned,

5 - b -, 0124

.
g - C L 00138

celomel electrodes (1, 21, 20, 22, 23] were
tried-vext, In order to meke pure cslomel, I had
to start with Qareémércury. To purify the meréury
I coversd the mercufy with & dilute solution of %nQs
znd let air dbubble through the mercury for twenty-
four hours s0 thatl the more basic metsliic impuri-
tles would be oxidized and dissolved by the ¥no

Then the mercury is dried by letting it go through

edieglillsed twice under

g .
FL= 1+ s 765 T L e R B e e e T o
Mercurouws nitrate was prepared by digesting the

purifisd Tg with cold moderately concentrated Unls,
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the size of the Hg»C1ls purticles The reason may
prgbébly be due to the enormous surface of ths
colleidal particles on whick the slectrolyte is
adgorhed, thigs changing-the concentration of tha

In orier to eliminate these fine particles

T ~ LY A s oy A o 2 T -
he "z,Cle 15 deeanted Trom 5 %

&
o
(o]
Py
N
+

. - o -
mes, with the

The Fg:Cl, is oxidizable by the uir, To prevant
-“4-1 L4 - L e S ] o . T -~ - . . n N . - -
1lg peogsible danger the ¥p.0l, was shaken with Fz

end the solution with which the Yg.0ls was intende

gquilibriun with the solution, Five electrodes

a od

Yy HizaCls 1 n ¥cl, were prevared and after stund-

ing in the thermostat for Sevevral hours al 25°C, they
merauared

2 - b +, 00007

2, - @ -, 00007
slaralely

£ --d . o

a - 8 -, CCoo0

The agreemnent was very gratifying. But the slec-

'
v
3l

i




Ty

vere not

Tl

[ LGy ~H 0

—l (6] 9] (@8]
(] [o9] [

(&) {2 [ O

1
o2

T M
s "“\':_-_’,“’_’,’»J—:-E

o

o

4]

e

O 2@
H./1_.-w.f!-~.nf.-~.,(-
AV AV AT SIAN

a

g
4

VoIres

A
fa

LT

7

O_/nm

A5
-
A

<

“+3

D

10T

It

o~
i

10 ©

t

VaTri&

™

et

4
o]

n
)
o
+=
o

-3

o
[

(Xe]
[RS8}




;

3
&/

{

theor

o

L

o

h

=]
i
b4

©

™~




4

i

)

4=l
I NS

i
ft

a=-0C

ey
(Ao}

i~
C

~

jia)
[AY

—
~

]

.0

o]
r
<

3w
C:
A
~

fai
I

o~
LoD

i

<

@
i
[

)
L

«x

(3]

oY

L

r
(L]
(&

]
2

!
-

B

b5

Ctrode

e

~ |
2

€

X

1
2]

2L

Ao

D P

&N

"




—atey
L

o
o3
(]
e
-4

t

«d

e
2

O

D

PRy}

b

-

conce

T

£

baed
i
1SN,

T.}

-
+
-

m

OX

NS
A
W1l

i,

I TR
2he
3




7

=i

.
ig

dency

F

to

m
V

he

LASL0on

n
we

if
W)

.
e

d
I

pey

+

curs,

}

potent

id
or 4

£

o

(.09%009 Bl

-

the 1iru

O 1 )
s OO~
B e .
O W
AN AT IaK

OO0
IR e RO )
Lo N S S

[ RAVE A o]

U o2 D 1y 6

oy OO
T,..ﬂwd [FoAw L6
[V IEAVEIRY AV Y

O Cug GO
E_..E oW O
Tl e se se as

il N

g - . . .

+2

JUTIG

Jre of

S_t

thi

.
k - ap T
1s winy

@0
-4

£

ad

Yl

Y Yy
~Cwd =

Isis)

O
15




)
B
et

o2

of much value,

!

o=

the

of

-

~

own

ir

2

yorthless or th

v

that

by
{1
LY

a2l
o

fou

tor

no nead

B

o

b

1o

w2

1RTmealves

~

Pul
sda

-

3

A

hearn u

R4l

A

w
-4

o
)
L’

et

-

SERVR

A

;l'y

the
1010g

2
e

A
RN
+

g

£

ot

h:h

o

hetwasn
rG-Tec

UEL

4

b

: 2h
the whole spparatus,
betweern the

]
—
[}

— -

el
rium

T

-

&
o
.
G

-—

.

1
,
P

-

eqQuli

or

.
N

“

-

le
‘he general view

-

T

5l s

1

wh
=

T

G &

OT

conhE

.
L

his

o

tio
of

m



the electrodes, & and.D=§re.ﬁhé reservoirs for the

solutions, regulated by the stopcocks E end P, These

t

stopecocks have holes speclally enlarged, so that they

will not entrap any sir bubblss, If some air tubbles

o
‘b
RO

are entrapped below the stopcocks or if the hole
eme 11 there will always be some diffarence in the re-

& j_ 2 t&:,{a:(:[, C e
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the fiow is irregular, it causes a difference 1n pres-

rdm

sure heades on each side of the junction G, displacing

41 - ~ I P . . e o PR E e
the boundary o places other than G, That ig detriment-

juoneticn G, The indentation 1z necessary in order

to get rid of the "dead space” ahere the mixed zolu-

tions etay more or less moticnless, Without 1t we
would heve @ boundary partly sharp snd partly diffused,

not get the full Lenelit of the flow,
The gsame effect was found by Temb and Larson,
Anotiher pﬂ 1 of ths spyperatus which I found ab-

solutely nscessary tut abﬂent in the Zesmb apnaratus

i

6]

the stopper ¥ for the junction, It is for the pur-

pose of preveuting the mixing while the apparatus 1s

Z 02

e bt
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Pigure 2 shows another asppareatus for the

e
same

rurpose of
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l,_h
P
[our
H.
o
ho
£

ytential vetween dilutse

gelutions, The electrodes are brought closer togethsr

and at the same time not @ istZubed by the current of
the flow, Tre dlameter of the tubes are much wider

50 a3 to reduce the I found

shown

1y correcting previous Taults that one find outd
itg different precauntions to take in the masnlyulation,
N The main idsa is to start the murfece of Ccoue

L}
tact between the solutiong at ¢ and maintain 1t 2t G

"

H

througrout the measurement, If this is

amount of flow will give zeproducible results

- 33




L)

Pirst of all the differences in pressure be-
tween the columns of solutions in the reservolrs
will disnlace the Junction, Sometines by mixing

the' solutions, the pressure difference causes <the

}_

g

composition of the entire sclution to chanms., Nhe
limmid pﬁtential woult be constent through seversl
wurs and yet the velues would not be renroducibhle
In order 1o have emual pressure on hoth gides of

the jﬁnctien, ons myst have the purfrces of
tions in the weservoirs at the pane Isvel, at the
neck of the funnel, It 1z ogunil
level dis at the eck of the funnel, even when the
colunmng of solutions are not exactly st the same

height, it tekes only s smell amount of ligquid to

~flow from one side of the juanction to the other in
order to establish equal pressure, thus czusing &

hopeless uncertainty in the value of 1igquid potential,




ervolrs must be sufficiently large in orfier o meke
their resigtance to the flow negligible, otherwise
thelr different resistance will csuse irregular flow,
In £111ling the apparatus, the stopper ¥ must be

gbgoiutely tight, not to allow any solutio:

o
ot
o}
(o9
Q

-

from one Si_e cf G to tha other If the sglutibn
heppens to go to the other side of G 1t changes the

compoaition of the second solution so uniformly thet
a.f&lsé value isfﬂﬂin%ained for a long time., IFf that
ever happens, it Woalé he fﬁtile to go eny further

The whole. apvaratus must bs washed and dried sssein

of all} until the appraratus is clampsd in the ther-

the junction will be diswvlaced

Generelly the dencer solution is at lower part

of the junction zad the lighter solution is above it

but several trials show 1lhat it makes no ¢ ifference

if the position is reversed,
Then vwhere i;-the gues

to be considered, Does 1t meke any difference whether

the rate be 1 drop a minute_or 4 drops & minute or

10 drops & minute? This reseazch shows that.the

rate hes = decided influence
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mimea Rate e, n, T, Time mate e,m, T,

10: 34 1 droyp 26,83 11:44 2 drops 26,81
10: 2 " 26,83 11:45 ’ 26,82
10: 36 " 26, 84 11:46 " 26,82
0y 37 " 26,84 12:47 " L6, 824
10: 2 " 25, 8b 11:48 " 26,82
10:39 v 26,66 1149 oo 26, 82
10: 40 " 26,86 11: 50 L 26, 82
10:41 v 26,86 11:51 7 26,82 -
10:482 " 26, 87 11:5%2 M 26,82
10:453 z 26, 87 111563 3 26,82
10:44 " 26, 88 11: 54 " 20,82
10: 45 T 20, 88 11l:58 " £6,62 §
10146 i 26,88 11:56 d 26,82 r
10147 " '26, 89 11: 57 " 26, 8% ]
10: 48 " 26, 89 . g
10:49 " 26, 89 : ;
10:50 ¢ 26,69 10:13 4 drops 26,75 !
10:51 " 26,30 10: 45 " 2675
10:52 . 0. 90 10:55 3 dgops 26, 76
10:53 ¥ 26,90 10: 55 e e HE
o = \ —~ e b [}
10054 26,90 T1:70 " 58.76
1’“55 " 26.1 11«3‘ 14 Qg' er
11: 12 4 ﬁI“J':S 26,7 '}p:'l;:) I ;6' vE
11:13 " 26,79 B a "
11:134 " 26,77
11:18 " 26,78 1:00 b5 drops 26,76
2:15h " 26,78
= 2280 Y 26,77
11: 31 £ drops  2E8:60 “ oL T
11:22 ’ 5, 80 10:53 & drops 26: 80
11:53 v 26,80 10: 58 vt 26‘ 80O
11:54 " 25,80 11:15 " oe’ng
11:35 " 26, 8¢ 11: 45 1 26“80
1l:26 26,80 11:55 " 26, 60
}}:ST " :9.29 12:00 “tresming 20,73
T Lo £, U 3;15 4 drops 26,77
12 39 " 26,81 e 3 0 26,78
11:40 K 26, 6k 4:10 7 drops 26,76
11:41 v 2_6,.81 4+ B0 n 26 73
11:42 " 26,861 4. 4F 2 36 73 ;
11:45 g 26,61 4: 55 " 26. 70 4
5:00 stresming 26,71 ?
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From these experimentsl data we see that when

wes stopped, The electromotive foree roge

reached a meximum apd then it

ite normpal lower

"j

the Tlow ain it

rnainteining the value 26,77 nmv,

1 ow

jHEES 'ﬂh I

case was 27,29 mv,

vidently &n unce When the

rresponded to the experimentsl

flowing junction,

contect well defined

and further 1t changes

The why the electromotive Torce rose

muestion

right after the stop of the Ilow carmol be &x-
rlained at the present tine, If tre change of the
electromotive force is due to diffusicn, thers ig
just as muceh ckance for it to lower zg8 to rise,

To find out the cause of this rise of electro-
oot s 5 3 8 178 eriment was performed
motive force, & aseparats ewperlment WES DOTrIOrmes,




"ha tube in the form of E

with ,1 n XC1 on troth sides 4

pair

into the solution, 7Thé potential ¢

-

Terence betwesen the electroies was zero

.

Then

4]

|

midile, The potesntisl difference inmediately r
2 - : i
o1 omv, and later dropped to -, 27 v, |
Now 1L the drop of 209 was , o
‘ ‘ ¥C1 s KO

verfectly symmetricel, aud

<

of Ag AgCl electrodes were dipo:

FJ
a7
(=9

a drop of ZOE was introduced &t the

sharpnass

at b or vice varsa, duae to

" ez N v o o
of the bvoundaries a'and b

In the meszarenment ¢

notent

+
K,
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gl b
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AP
many times before the iodine was driven off, 4 ,01

- { normal solution was preparsd

Fu
o
(&‘4
o
[H
_J
¢—+
|._|
b
g
b_l
&
Q
=
&
k
B
™
4]
Fu

concentrated solution

= T TITART 0 TRATTT M
O. EXPERTINENTAL REIULTS,

As rnes besn stated, the cells measured were of

etove one, with all pdesitle combinetions of two o

the following, HCL, ¥CLl, NaCl, Licl, NI.Cl, CsC1,

were measured with the Leeds and Northrup porventiom

P - - . [, - PR e 3 e
with all the precsutions previously numeraved, The

? octhers, Tha thermostat was Iespt at 25°C + ,01°C,
‘t ] b
v The liwwid potential bebween .1 n ¥C1 and .1 n EC1l
1 has heen an okject of discusslon by many investisg
23 -
4 ¢, N, Lewig found it was 26,4C mv, But in his
( caleulation e has uged the value 27,78 which wasg
,. . ) 2 . .
: found by leyer snd Acree who measured the cell
g Ug.CLl, .1 n ¥C1 .1 n ZC1 Hg.Cl: He.

C
As I have pointed cut before, thelr results

. N . o) . L -~ 1
showed & variation of .5 mv, dus hoth to tne

7@5’




erudeness of the ligquid junction and the usé of célomel
electrode with .1 normal HGl. Not much emphasis ean be
given to this value,
Tewis did not give much details as to how he ob-
teined the value 28,40 except showing that it sgreed
witﬁ the value cslculated from his formula with equiv-
alent conductance data.
The value £6.78 mv, has been raproducea by me
fwithin .85 mv.'mq;e than ten times with different ap-
paratus, new solutions =und & KC1 solution prepared by
C. R. Park, in order to eliminate the personal eqﬁation»
T feel confident that it can be reproduced with the
same accuracy at any ftime under the =ame experimental
conditions, I% is =z perfectly definite value.
" Onee I tried to use .1 m HCLl end 1 n KC1 saturated
with precifitated Az C1 znd obtained the values 28.23 mv.
and 28.37 mv. Upon furthey considerstion it seems hard-
1y fair to have the golutions seturated with precipitated
Ag Cl which is an entirely different substance from thé
Ag Cl on the electrodes. The precipitated Az Cl has
- gifferent solubility and different free energy of forma- f
tion from Those of the electrolytic Ag Gl as found by .

T. W. Richards. The difference between 28,30 and 26.78

lis 1.52 mv, In case the solubility of t® precipitated

Ag Cl in HCL is different from its solubility in XC1

solution, we can calculete how much gifference is re=

-46-




quired in order Lo produce a concentration cell effect

of 1.58 mv., from this ecuation

B = Ty, BL g Chs Ol
F Cag c1s

;izjfi comes out te be 1138 which is not at a2ll unlike-
ly the case. Thersfore it is not sdvisable to saturate
the solution with Ag Cl. A1l that is necessary is to
have the Ag AgCl eleetrode, in ecuilibrium with the
chloride‘solution immediately surrounding it, saturated
with AzCl actually dissolved from the eleetrode. I%
does not take much time to attain this condition. The
regnlts of the electromotive force measurements of cells
of 211 other combinations are tabulated in Table 11
These represent the liguid potentials without involviung
the eleetrode potentials, since the =zctivities of the
chloride iong in eocunilibyium with the elecirodes are

in a1l probsbility eqgual mo matter what cations are as-
socjated‘with them, This has been shown by Professor
maclnnesgo and Chowzz, and proved by myself as described
~in another part of this thesis.

The first column shows the electrolytes whote

liouid potentigls were measursd., The second column

gives values calculated from the simplified Planck's

equation
E*'--Rj-?"ln !/\o.
N,

;47-



where /\, represents the equivalent conductance at
ZeTo comcentration; /\0 of HC1, XKCl, NaCl at 25°
are taken from Noyes and Falk's article, i.e. 426.0,
150.6, 127.0 respectively. The A , of LiCl and
MH,CL at 25° are calculated from A , at 18°C found
i1 lloyes and Falk, with the aid of the temperature
coe®ficients of the ions found in Noyes and Sherrill.
A o zacy T 11429, Ao pEgel T 150.2 et 2569 C.
The /\O of CsCl at 2590 is found in Lendolt and Born-
stein, i.e. 153.5. |

The third and sixth columns represent the values
directly determined by experiments, Nearly =11
measurements have been repeated three times and the
difference seldom exceeds .1 mv, Considering that ihe
electrodes often differ by more than .05 mv., the varia-
tion due to te ligquid potential is very small.

The fifth and the eighth columns represent values
calculated from the Lewis modified formula of Plgpck

g = & 1p A
3 Ay

where /\ stands for the equivalent conductence of the
solutlans at, the eoncentration setually emploved. These

values are found in Foyves and Walk's grticle

.1ln Lol

, / e
HC1 390.4 411,6
K01 129,0 7 143,47
1aCl 106.8 7 118.7 .
Licl 93.8 7 108, 2 g1.97 .
HH,C1 130. | /140,17 235
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TARLE IT

By sddition '
. with '
. Bleetro~ FPlanck Observed Arbitrary Iewis Observed By ad- ; Lewis
ilvtes .1l n 1 Scals .01 n di tion ™
T - — 35,65 £5.70 3875 ”',
el K61\¥’26,751M26,78 8,87 28.47 £5.75 8.20 27.41
' | T 26,78 25.72 P5.5B e ;
' ) 25,73 o'k =
) ¢ . 58.07 35.65 51,18 BEITE Ty
HC1l NaC1' 31,12 33.13 2.56 33,33 Fl.19 2,63 32,05 b
0 EB,07 T33.09 - 31,18 ':3%v453]AﬁL LF
T 34,87 26,78 BB - T 3
HCL LiCl 33.69 34.87 / 8.87 B5.64 33,79 33.75 34,85
_ 54,83 "B5.65 ' 33470 ‘ :
| p £5.40 35.65 27,06 23,75 T ;
HC1 NH,C1'26.80 28,39 6,77 28.37 27.00 6.89 27,60
» | N ' 27,00 "26.86 N
N 6445 8,87 5,65 8,20 y
KC1 FaCl 4.38 6,36  _ 2,57 4,86 5,65 2,63 £.54
‘ : 6u4b 6.30 5,57 ¥
P 8,85 §.25 e
ECl 1iCl " 6.96 8,63 8.87 8.19 8.16 8,20 6,89 I
. B.89 ' 8,20
| N 2. 1% §.8% 1.%0 8. 20 st
Kol HH401* T.07 2.16 6.77 .08  1.31 6,89 L8
2.20 210 1,31 S
2.65 » 2,60 .
Hall Lw}l 2 57 2.65 . 2,57 5,34 2,57 2.63 2,86
2. 57 2.67 :
/ 4.2 8,57 4,31 £2.63 i
NaCl FH,CL 4.31 -4.26 6.7 -4,94 -4.,21 6,89 4,41
- -4,15 T-4.20 -4,28 k!
TR ~%.93 =6.89 f
- Lig¢l NH,C1 -6.89 -6.9%2 -6.77 -8.27 =6.89 -6,89 =672 .
e . . S
CsCl LiCl 18.66 | 7.78 .60
) 7.81
, T 5,40 7,80
CsCl Fall 4.87 5.41 2,57
~ ‘ 5.36 5 23
' / ' . ' - .30 7 80
C#C1 KC1 - ,49 - .38 8.16
‘ | - %36
i S— —— s
¢8C1 NH.CLl .56 S _ . .95  6.89
) .91
CsCl HCly£26.24 | | ~24.85 7.80
ST : 33,70
‘ ‘ T=25.,90

=490~




Columns four =snd seven show the additiﬁe relations _
of liquié'potential values. If we grbitrarily asssign
a certaiu number to easch eleetrolyte at a definite con-
centration, these numbers being derived from a few
messurements, we can calculéte the lisuid potentials
of 211 possible combinations. To illustrate the point
let us utilicze oﬁr figures and show how columns Tour
and seven are obteined., From direct measuremént We
found that the 1iquiq potentisl between .1 n KC1
.1 n LiCl was 8,87 mv., To have & stariing point in
the scale let us assign zero to LiCl for LiCl smong
211 other chlorides has the lowest equivalent conduc-
tivity. Trnen Kﬂl at .1 normél is naturslly 8.87,
From direct measurement we also know that the ligquid
potential betwesn ,1 n HC1 .1 n KC1 is 26.78 mv,, and
the current flows from HCl to ECl.  Since EKCl is higher
than LiCl in the seale of nu.mberlby 8.87, and HCL is
higner than KC1 by £6.78; theﬁ HC1l is higher than LiCl
by 55.65., Let 35,65 be the number assigned to HC1l.
The licuid potential between .1 n Hall ,1 n LiCl is
2,57 mv., betwsen .1 m NH,CL .1 n IACl is 6.77 uv.
Let 2.57 bhe thé number for.Nacl and 6.77 for UWHqCl.
- Then we will hesve the following»complete scale. The
scaia for.Ol'normal solution is obtained in a similar

manrer.
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.llnormal .91 normsl

Licl 0 0

xc1 8.87 8.2Q

HO1 35,65 - 75 33
Hacl 2.E7 - | .~ 265

WH,C1 87T 92 © 6.89

Cs01l | 7-80

Supposge we want to find out what the licuid
potential between ,oi n, ¥C1 .ol mn HH&Cl should De
without determining it. Teke the number for XC1
8.20, and subtract from 1t the number for NH,CL
5.89 and get 1,31, Jince the number for XC1L isv
greater than that for NH,Cl, we can predict that the
eurrent ig going to flow from the KC1 to the NHoCL.
Experiment fulfilled the expectation in magnitude and
djrecticn. Thig method Qf celculation azrees very
well with experiments in all cases except four, name-
iy .1 n HOl .1n1iC1, .1n a0l .1 n NE,CL,
.61 n HC1 .01 ﬂ‘NaCl)and .01 n HOL .01 n ©sCl. This

38 2t the present time the only method that meets with
partial success. We should rnot be surprised to find
‘that-the experimenﬁal resﬁlts agree neither with'Pianek's
nor with Lewis' ecguations, since I have pointed out

fhe various imperfections of their assumpticns st the

former part pf thig thesis.




There are a few peculiarities in Teble II that

are worth noticing

Planck 0&4
.1 n 801 n
Nacl LiCl 2,57 mv. 2.62 £.63
NaCl NHLCl =-4.31 -4.21  -4.26
Li0l NH,G1 -6.89 -6.92  -6.89

iz

Thig ig abstract from Table ITI. Ws see that all

these experimentsl values agree with Planck's calcu-

lated values almost perfectly., Are NeCl, NH4C1, LiCl
comoletely ionized as Plénck assumed? The very fact
that the values at ,1Inormal are almost the same as
those 2t .01 normsl seems to further support this as- 5
sumption, On the other hand outside of these three |
combinations the phenomsnon was not duplicated. I%

. all ‘
sg not st/impossible that the ionizetions or mobilities

of the ions of tnege electrolytes change 1w such way :
that the ratic of their esuivelent conductances remain
aperoximately constant, as the concentrstion changes

~from .1 normal to .01 normal
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- &. THZ ACTIVITIES OF THE OHLORIDE
I10WS TN SODIUM GHLORIDE
AND IN LITHIUM CHLORIDE
SOLUTI OLS,

This part of the research consists in measuring

the electromotive forces of the following cells

[
[y

Ag £gC1 IiCl .1 n HaCl .01l n  ApCl ag
Ag ApCl NaCl 4% m  LiCl ,01 n Ag0l Ag (£)

As uvsual the electromotive force of cellg of this

type come from three sources, namely the two electrode
potentials and the liquid potential between the solu-~
tiong. What we measure is the sum of the three elec-

trometive forces., If we subtract the liguid potentials

from the measured electromotive forces, the differences
will represent the electrode potentisls. Other parts

of this research show that the 1liquid potentials hetween

Li C1l and NaCl both 2t .1 normal and .01l normal do obey
the Planck equation very well. That gives me-confi-
‘dence to calculate the liguid potentisls involved in
+the sbove two cells by the Planck's eguation.

Leaving the licuid potential in care of Plénck’s
equation, let us consider the changes in =tate at the

glectrodes, when one fsraday of electricity passes




through the cell. 1In csll (1) one eguivalent of
chloride icon dissppears ét i C1 .1 n end one eguiv-
alent of chloride ion appesrs at Ha Cl .01 n. In cell
(2) one equivalent of chloride ions disappesrs st

NaCl .1 n and one eguivalent of chloride ion appears
at Ii 01 .01 n. Therefore the free energy chenges at-

tending such changes of state are

-

Api(.1 n LiC1).
As1(.01 n Nacl)

{1} =-aF = E N F = RT logg

+

= gy 1nocr %11 0 1iC1,

0L %1 01 0 Naciy

= RT + RT 1n o=

(2) =AF = RT + RT In _Ci{.L 1 NaCl

Thus we can cslculate what the ratios of sciivity
coefficients of thé chloride ions of hoth salis are.
The liquid potentials are of the type of different
electrolytes 2t different concentrations. To caleﬁlate
that type of liquié potential it requires the original
“Planck's ecuation, i.e.
By = BT 10¢ ?D where g)is a function

r . :
@Lﬁmﬁﬁ in the following ecustion.

é(:gup - Oyl — 1og C"
\‘jp'\rg — %Cl-vl

log &

4}

Ce, C. = Conceantretions of the solutions
e, Wy = Mcbilities of the cations

" Vg, Vi = o " " gnions:




If we put

%.02.1-12 - Caly ﬁ
C?"‘T? - g Ci“‘"i o 7

8 o
Toe 22 _ 5y § Sk . |
g gy - 1985 T, 9 -,
c
T A a"’ ; » & ~ P - =z
Top 8 + log § o /
o = C 5
La 3 Y

can be solved graphicslly by'piotting 7 against g’,

Tn the case of cell (1) Li .1 n N=Cl L0l m

(p == 21 \\12:3;.5 v?_:’:Vi::r?Es_ﬁl
Ca = .01 uy = B0.8

L,1287 1 2 2.1 2.2 3

¥

when é
? = ) J507  1.26 1.302 1.387 2,124

These values are plotted as curve I.
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log o1 " log z ‘.‘6‘1‘5 -1 (1-1ogé)(10 g -1)
1 . 1 % =1+ '.L_Vog})(llo ‘-5‘) ?-
log :01 i 1qg 4 .01 b -
when é = ,1 or 10 1 2 3 « B » 8
? = 0 1 1.2878 1,47 .b576 .785

These values are plotted as curve IT. Curve I
and curve 11 interseet 2t = point where = 2.09, Thus

when 3,= 2,09 it sstisfies hoth equations,

= RT -
The messured eleatvomotive force of this cell is 35.55 mv.
Since the 1liguid poténtial is going in opposition to the

electrode potential, the potential difference of the

olectrodes is 55.55 mv. # ,01910 = 54.65 mv.

In the ease of cell (2) 1NaCl .1 n Licl .01 1

we have
| % 5,08 = ,395 -
7.54 - .7543 =
when = % = .0779 .1 1.0 2 1.5
T= 0 L0185 .691 1.62 1,125

These values are plotted as curve III, which intersects

meurﬁe 1T where %}3 1.55 |
By, = Bf%?, 1n 1,56 = 01122 volts.

The measured electromotive force of the cell is 43.55 mv,
Therefore the potential differencé between the eleetrodes
ig 43.55 ¥ 11.28 = B4.77 mv. which sgrees very well with

cell (1) within experimental error and eleectrode varia-

tion.

~56-
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From these values we can get the ratios of the chloride

ion aetivity coefficient

G o\ an -

Cl{.C1l n NaCl] — 1 1g8¢
[¢ AP 3 A )
Cl{.1 n LiC1,

[+ A 2T

C1{.0) n TLiCl) .. 1 192
& T
Ci{.1 n NaCl)

The difference ig less than one percant. -

X 4
1{.01l n NaCl) - "
({,01 n LiCl; x “

]
-

E!

Lo ounity,

1{.1 n Nacl)

!
\ = nsarly
1{.1 n LiC1}

(W]

Cif,
cr to be sxaet .9955. Thst can be easgily accounted

‘for by asecepting Professor MacInnes' theory that the
setivities of the chloride ions are eéual at the samé
concentration no matter whaﬁ cations are associated

with them. On tke other hand if we accept the other
glternative that the chloride ion activity in .01 n NaCl
ig not e¢ual to, but greater or less than the chloride
ior. metivity in .01 1 LiCl, then the activity of chloride
~don ac{tivity in ,1 n HaCl must be less or greater than

the chloride ion getivity in .1 n LiCl by such an smount

that ratio of the product

e

%¢1{.01 n NaCl) = %1(,1 n Nagl)
Chomm 2 = o~y & A Cem
(.,l(_@L n Lild) aClL.J- Ti Ll{.i]—)

remain unity. Since the is very improbable, we camn

gafely conclude that the chloride jons in .1l n Tigl

=57-




‘have the same activity as in .1 n HaCl, end- the

chloride ions in .01 n LiCl have the same activity

48 in .01 n HaCl,
I wish to take this opportunity to thank Dr,

MaceInnes for hig constent altontiorn and interest on

o 3 a4 2 A
ne investigstion,
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